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Objectives. The accuracy of Fourier analysis of radionuclide 
angiography for the diagnosis of arrhythmogenie right ventrieular 
cardiomyopathy was assessed versus X-ray right ventricular an- 
giography. 
Background. In patients with recurrent right ventricnlar tachy- 
eardia, the diagnosis of arrhythmogenic right ventricular car- 
diomyopathy is based on the presence of right ventricular wall 
motion abnormalities on conventional X-ray angiography without 
evidence of other heart disease. 
Methods. X-ray and radionnclide angiography were prospec- 
tively compared in 73 patients with ventricular tachycardia. We 
analyzed the presence of a right ventricular enlargement, global 
hypokinesia and segmental wall motion abnormalities, using 
visual analysis for both techniques and Fourier analysis for 
radionuclide angiography. Disease was noted as absent or present 
and as diffuse or localized. The interobserver eproducibility of 
both techniques for the diagnosis of right ventricular wall motion 
abnormalities was tested in 27 randomly selected patients. 
Results. According to X-ray angiography, 53 patients were 
considered to have arrhythmogenic right ventricular cardiomyop- 
athy (22 diffuse, 31 localized forms) and 20 patients a normal 
right ventricle. The sensitivity of radionuclide angiography was 
94.3%, specificity 90% and positive and negative predictive values 
96% and 85.7%, respectively. Agreement for the location of the 
wall motion abnormalities was 60% for the apex, 76% for the 
outflow tract, 82% for the inferior wall and 74% for the free wall. 
The diagnostic interobserver reproducibility of X-ray and radio- 
nuclide angiography was 74% and 96.2%, respectively. 
Conclusions. In a selected cohort, Fourier analysis of radionu- 
clide angiography is an accurate and reproducible tool for the 
diagnosis of arrhythmogenic right ventricular cardiomyopathy. 
(J Am CoU Cardiol 1995;26:1476-83) 
The routine clinical diagnosis of arrhythmogenic right ventric- 
ular cardiomyopathy is based on recurrent paroxysmal ventric- 
ular tachycardia originating from the right ventricle, associated 
with right ventricular wall motion abnormalities and negative 
findings uch as the absence of known etiology for left or right 
ventricular abnormalities (1-3). The detection of right ventric- 
ular wall motion abnormalities is based on radiologic angiog- 
raphy (4-6), but some limitations of this technique have been 
pointed out. Because of the particular morphology and tra- 
beculations of the right ventricle, the presence of frequent 
premature beats during angiography and the difficulty in 
obtaining a technically adequate angiogram, analysis of right 
ventricular segmental wall motion is complex and has only fair 
reproducibility (6). Previous tudies (7) suggest apotential role 
for radionuclide angiography in this diagnosis to allow for 
reproducible analysis of both ventricles. Radionuclide angiog- 
raphy permits mathematical fitting of the pixel ventricular 
curve by means of Fourier analysis. This analysis has been 
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demonstrated to be of value in the detection of left ventricular 
wall motion abnormalities and aneurysms (8). The same 
analysis can be applied to the right ventricle (9,10). The aim of 
the present study was to evaluate prospectively the perfor- 
mance of Fourier analysis of radionuclide angiography in the 
diagnosis of arrhythmogenic right ventricular cardiomyopathy 
by prospectively comparing X-ray and radionuclide angiogra- 
phy in 73 eligible patients from two cardiac arrhythmia depart- 
ments with a high degree of expertise in this field. 
Methods 
Patients. Seventy-three patients investigated for recurrent 
ventricular rrhythmias in two cardiac arrhythmia departments 
entered this prospective study over a 4-year period (Group I: 
53 men, 20 women; mean [_+SD] age 39 _ 11 years, range 15 
to 64). Criteria for inclusion were 1) symptomatic, documented 
recurrent paroxysmal ventricular tachycardia originating from 
the right ventricle, whether sustained (lasting ->30 s, n = 62), 
or nonsustained (n = 11); 2) absence of known or suspected 
left ventricular abnormalities, uch as ischemic or valvular 
disease, idiopathic dilated cardiomyopathy or any other etiol- 
ogy of right ventricular pressure or volume overload on 
clinical, radiologic and echocardiographic studies; coronary 
artery disease ruled out by stress myocardial scintigraphy 
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Figure 1. Schematic representation f segmentation f the right 
ventricle for regional wall motion analysis as studied by X-ray angiog- 
raphy (top) and radionuclide angiography (bottom) in three projec- 
tions: A and D, right anterior oblique; Band E, left anterior oblique; C
and F, left profile. The shape of the right ventricle isslightly different 
with the two techniques because of the differences in the projection 
used (left anterior oblique 60 ° for X-ray angiography vs.best septal left 
anterior oblique for radionuclide angiography) and because X-ray 
angiography is performed atmaximal inspiration. 1 = inferior wall; 2 
= apex; 3= free wall; 4 = outflow tract; shaded areas = left ventricle. 
(n = 13) or coronary angiography (n = 11) in cases of doubt 
and in patients >50 years old. 
Both criteria were required for all patients, as well as 
informed consent for X-ray and radionuclide studies. The right 
ventricular origin of ventricular tachycardia was deduced from 
a left bundle branch block pattern in at least one episode of 
clinical tachycardia for all patients and confirmed by electro- 
physiologic study in 51. 
Most patients (92%) were taking antiarrhythmic drugs at 
the time of the study. Seven patients had undergone catheter 
ablation, and one had surgical therapy for ventricular tachy- 
cardia. 
Control group. Normal scintigraphic quantitative data 
were obtained from a control group (Group II: 15 men, 7 
women; mean age 36 - 7 years, range 22 to 67). Ten patients 
with fascicular left ventricular tachycardia were known to have 
normal ventricles, and 12 asymptomatic patients were known 
to have a low likelihood of heart disease on the basis of clinical, 
electrocardiographic (ECG) and echographic studies carried 
out before the start of chemotherapy. Radionuclide angiogra- 
phy only was performed in the control group. 
Radiologic angiography. Acquisition. Right ventricular n- 
giograms were obtained by direct dye injection through a 
balloon-tipped Bergman catheter in three projections (30 ° 
right anterior oblique, 60 ° left anterior oblique, left profile). 
The tip of the catheter was positioned at the right ventricular 
apex, with the balloon inflated with 1 ml of air, and special care 
was taken to avoid premature beats during injection. All 
procedures were recorded on 35-mm X-ray cinefilms. 
Analysis. Visual analysis of the right ventricle was per- 
formed as follows: 1) The presence of global enlargement or
hypokinesia, or both, was noted. 2) The presence of wall 
motion abnormalities was analyzed in four segments: apex, 
outflow tract, inferior wall and flee wall (Fig. 1). 3) The 
observers concluded that the right ventricle was normal or 
abnormal, and in the latter case, that the disease was either 
diffuse or localized. The disease was considered diffuse in cases 
of global right ventricular enlargement and hypokinesia sso- 
ciated with localized abnormalities; it was viewed as localized 
when right ventricular contraction remained qualitatively cor- 
rect, even when several akinetic or dyskinetic segments were 
present. Left ventricular function was assessed when possible 
by studying the levophase of right ventricular angiography and 
described as normal or abnormal, with segmental or global 
abnormalities. The same analysis was performed in patients 
with coronary and direct left ventricular angiography. Left 
ventricular volumes and ejection fractions were measured 
using the Simpson rule. 
Radionuclide angiography. Acquisition. After intrave- 
nous injection of 20 mCi of technetium-99m in vitro or in 
vivo in labeled red blood cells, gated blood pool acquisition 
was performed on a standard gamma-camera in three views: 
left anterior oblique 30 ° to 50 ° (best septal), right anterior 
oblique 20 ° to 0 ° and left anterior oblique 70 ° to 90 °. A 10 ° 
to 15 ° craniocaudal ngulation was always adapted to each 
patient o optimize the separation between atria and ven- 
tricles. Sixteen ECG-gated images were acquired in a 64 x 
64 matrix format, with a precount of 400,000 counts/flame. 
Great care was taken to suppress premature beats during 
ECG synchronization, with a window threshold of 10 ° 
around the mean RR interval. 
Processing. Processing was performed on a Sophy com- 
puter (Sopha Medical). After correction for undersampling 
of the last image, a median 3 x 3 spatial filter was applied 
to the raw data. The left ventricular diastolic and systolic 
regions of interest were drawn by a semiautomated ge 
detection algorithm, manually corrected using Fourier and 
Laplacian images where necessary. The right ventricular 
diastolic region of interest was manually drawn using black- 
and-white nd-diastolic mages and Fourier amplitude and 
phase images to avoid the atria and include the outflow 
tract. Computation of the first, second and third harmonic 
sine and cosine of the discrete Fourier transform of the 
series was performed (11). For the first harmonic, the usual 
amplitude and phase images and histogram were generated. 
Multiharmonic analysis was carried out by applying the 
analytic formula to each pixel time-activity curve. The 
end-systolic time image was computed using the second 
derivative of the Fourier function by taking into account the 
sum of the three first harmonics. Histograms howing the 
end-systolic time of the ventricles, which were defined as 
the number of pixels with a specific end-systolic time angle 
compared with the total end-systolic time angle coded over 
360 °, were derived and expressed in degrees (mean +- SE). 
Left ventricular ejection fractions and the segmental func- 
tion of the left ventricle were also computed. 
Analysis. The cine display of the series made it possible to 
validate the quality of acquisition; determine the presence of 
global enlargement or hypokinesia, or both; and make an 
initial assessment of segmental wall motion. Fourier analysis 
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Figure 2. Results of segmental nalysis of right 
ventricular bnormalities in patients with right ven- 
tricular wall motion abnormalities onboth X-ray and 
radionuclide angiography (n = 50). Open columns = 
positive X-ray angiographic results for each segment 
of the right ventricle; dotted columns = positive 
radionuclide angiographic results for each segment 
of the right ventricle; solid/open columns = concor- 
dant analysis on both angiographic methods for each 
segment (solid sections = both positive; open sec- 
tions = both negative); numbers within columns = 
number of patients. 
was carried out visually on amplitude and phase images and 
histograms of ventricles, both together and separately, and on 
the images and histograms of end-systolic time. A delayed 
contraction area was noted as present or absent, using the 
same segmentation asfor X-ray angiography. For quantitative 
analysis, the mean value and standard eviation of the right 
and left ventricular end-systolic time histograms were calcu- 
lated for masked regions; a quantitative shift analysis com- 
pared mean right ventricular minus left ventricular end-systolic 
time. 
Study design. For each technique, visual analysis was per- 
formed independently by two trained observers (M.S.S. and 
R.F. for X-ray angiography; and D.L.G. and M.F. for radio- 
nuclide angiography), each of whom knew nothing of the other 
angiography. In cases of discrepancy, a consensus was found by 
simultaneous analysis by both observers in all discordant cases. 
Thus, interobserver reproducibility and the comparison be- 
tween the two techniques could be obtained for the diagnosis 
of arrhythmogenic right ventricular cardiomyopathy and for 
localization of wall motion abnormalities. Sensitivity, specific- 
ity and negative and positive predictive values of radionuclide 
angiography were calculated for the diagnosis of arrhythmo- 
genic right ventricular cardiomyopathy, using the results of 
X-ray angiographic analysis as the reference. The number and 
location of abnormal segments were also compared. For both 
groups, quantitative analysis of Fourier histograms compared 
the mean shift of end-systolic time between the right and left 
ventricles in the left anterior oblique projection; use of the 
shift between ventricles avoids the influence of heart rate on 
the mean values of each. 
Statistical analysis. Qualitative variables were compared 
using the chi-square test. Quantitative values were expressed as 
mean value + SD and compared using the paired and unpaired 
Student t test. Correlation coefficients, assuming linear regres- 
sion, were calculated for paired variables. A value of p < 0.05 
was considered statistically significant. The chi-square test was 
performed on discordant pairs to control for possible system- 
atic bias in the observers' analysis. 
Resu l ts  
X-ray angiographic data. Right ventricular angiography 
revealed a normal right ventricle in 20 Group I patients and 
right ventricular abnormalities uggesting arrhythmogenic 
right ventricular cardiomyopathy in 53 patients from the same 
group. In 31 patients, there were localized wall motion abnor- 
malities, and disease was diffuse in 22. Global hypokinesia was 
observed in 25 patients, and right ventricular enlargement in
34. One, two, three or four abnormal segments were noted in 
10, 18, 8, and 17 patients, respectively, with a total of 138 
abnormal segments. The percent of patients with involvement 
of each segment is summarized in Figure 2. 
Left ventricular analysis was possible in 31 Group I patients 
(11 direct left ventricular angiography and 20 levophase of 
right ventricular angiography): Findings were considered ab- 
normal in 11 patients, all with abnormal right ventricles, 6with 
regional left ventricular wall motion abnormalities, and 5 with 
moderate but diffuse hypokinesia (left ventricular ejection 
fraction 44 _ 3%) without enlargement of the left ventricle. 
Comparison of X-ray and radionuclide angiography. Ra- 
dionuelide angiographic results were normal in 21 patients and 
abnormal in 52; abnormalities were localized in 25 patients and 
diffuse in 27. One, two, three or four segments were involved in 
9, 12, 17 and 14 patients, respectively, with a total number of 
140 abnormal segments. The locations of abnormalities are 
summarized in Figure 2. The Fourier phase delay of the right 
ventricle, expressed as the mean shift of end-systolic time 
between right and left ventricles, was significantly different 
between Group I patients with an abnormal right ventricle and 
Group II control subjects (6.1 +_ 15.7 vs. -11.8 _ 8, p < 0.001), 
but there was no difference between Group I patients with a 
normal right ventricle and Group II (-9.2 _ 11.3, p = NS). 
The overall diagnostic oncordance between X-ray and 
radionuclide angiography for arrhythmogenic r ght ventricular 
cardiomyopathy was 93% (68 of 73). In patients with right 
ventricular wall motion abnormalities on both X-ray and 
radionuclide angiography (n = 50), concordance for the as- 
sessment of extension of right ventricular disease (i.e., diffuse 
vs. localized forms) was 90%. Topographic oncordance was 
Figure 3. A, X-ray angiographic diastolic (left) and 
systolic (right) images in the right (top) and left 
(bottom) anterior oblique views in a patient with a 
diffuse form of arrhythmogenic right ventricular car- 
diomyopathy and a normal eft ventricle. B, Radionu- 
clide angiographic images from the same patient: 
bottom row = amplitude (left) and phase images 
(right); top row = amplitude (left) and phase histo- 
grams (right). Analysis of both techniques was concor- 
dant with right ventricular enlargement, diffuse hypo- 
kinesia and inferior dyskinesia. 
Figure 4. A, X-ray angiographic mages from a patient 
with localized form of arrhythmogenic r ght ventricular 
cardiomyopathy; wall motion abnormalities are lo- 
cated at the apex, inferior wall and outflow tract. B, 
Radionuclide angiographic mages from the same pa- 
tient; wall motion abnormalities appear in the inferior 
wall, with extension to the free wall, and in the outflow 
tract; the apical akinesia is missed. Format of the 
images as in Figure 3. 
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Figure 5. A, Normal X-ray angiographic images. B, 
Radionuclide angiographic images from the same pa- 
tient show a clear area of delayed phase on the outflow 
tract in left anterior oblique (bottom center images), 
right anterior oblique (bottom left images) and left 
profile images (bottom right images). These patterns 
are never observed incontrol subjects. Inthis patient, 
radionuclide angiographic images acquired uring 
ventricular tachycardia located the origin of the ar- 
rhythmia atthe border of the outflow tract abnormality 
observed during sinus rhythm. Format of the images as 
in Figure 2. 
76% for the outflow tract, 60% for the apex, 82% for the 
inferior wall and 74% for the free wall. In all cases of 
discrepancy regarding the apex, the abnormalities were absent 
on radionuclide angiography, whereas discordances regarding 
the free wall were, in all cases but one, related to radionuclide 
angiographic overestimations. Figure 3 shows an example of a 
patient with diffuse arrhythmogenic r ght ventricular cardio- 
myopathy with a clear concordance b tween X-ray and radio- 
nuclide angiography. Figure 4 illustrates a patient with a 
localized form of arrhythmogenic right ventricular cardiomy- 
opathy diagnosed by both techniques but with small discor- 
dances in the location of wall motion abnormalities: An apical 
abnormality was missed by radionuclide angiography, which 
showed an extension of the subtricuspid abnormality in the 
free wall not evidenced by X-ray angiography. 
There was a disparity between the two techniques in five 
patients, all with very localized forms of the disease: Two had 
a normal X-ray angiography with abnormal radionuclide an- 
giography, and three presented the opposite pattern. The 
abnormalities absent on radionuclide angiography were apical 
(n = 3), associated in one patient with an abnormal outflow 
tract. The two segments considered as abnormal by radionu- 
clide angiography only were located in the outflow tract and on 
the free wall. Figure 5 illustrates the case of a patient with 
positive radionuclide angiographic but negative X-ray angio- 
graphic results. If visual analysis of X-ray angiography is the 
reference standard for the diagnosis of arrhythmogenic right 
ventricular cardiomyopathy, the overall sensitivity, specificity 
and positive and negative predictive value of radionuclide 
angiography were 94.3%, 90%, 96% and 85.7%, respectively, 
for this selected cohort. 
The left ventricle was abnormal by radionuclide angiogra- 
phy in 15 (20.5%) of 73 Group I patients, with only limited 
regional wall motion abnormalities in 10 and diffuse but 
JACC Vol. 26, No. 6 LE GULUDEC ET AL. 1481 
November 15, 1995:1476-83 RIGHT VENTRICULAR RADIONUCLIDE ANGIOGRAPHY 
Figure 6. Reproducibility of X-ray (solid col- 
umns) and radionuclide angiography (open col- 
umns) (expressed aspercent of patients with 
concordant analysis between the two observers [
of each technique) for diagnosis ofarrhythmo- 
genie right ventricular eardiomyopathy, assess- 
ment of diffuse or localized form and segmental 
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moderate abnormalities in 5 (mean left ventricular ejection 
fraction 49 __+ 5% vs. 67 _ 7% in control subjects, p < 0.0001). 
In 31 patients whose left ventricle was also analyzed by X-ray 
angiography, the concordance between techniques was 93.5% 
for the diagnosis of left ventricular wall motion abnormalities. 
Reproducibility. Interobserver reproducibility was ana- 
lyzed for each technique in 27 randomly selected patients, 18 
with X-ray angiographic right ventricular abnormalities and 9 
with a normal right ventricle. Radionuclide angiographic find- 
ings appear to be more reproducible than those with X-ray 
angiography because the global diagnosis was concordant in, 
respectively, 96% and 74% of patients, diffuse or localized in 
85% and 66% (Fig. 6); right ventricular hypokinesia in 92% 
and 81% and enlargement i  89% and 70%. Figure 6 shows the 
reproducibility of the two techniques for the location of 
regional right ventricular wall motion abnormalities. In the 
case of discrepant pairs, there were no statistical differences in
the analysis of the two reviewers. 
Discuss ion  
The main result of the present study, performed in a large 
series, is that rest radionuclide angiography provides informa- 
tion similar to that by X-ray angiography, with higher repro- 
ducibility for the diagnosis of arrhythmogenic right ventricular 
cardiomyopathy. Because of the morphologic particularities of
the right ventricle, the use of Fourier functional images, which 
reflect changes in regional volumes and contraction asyn- 
chrony, clearly compensates for the higher spatial resolution of 
X-ray angiography. 
The evidence of right ventricular abnormalities has clinical 
implications because the mortality of patients with right ven- 
tricular taehycardia and such abnormalities seems higher than 
that of patients with a normal heart (12-16). Some investiga- 
tors (12,13) have reported a poor prognosis for patients with 
diffuse right ventricular disease. The repeatability of our 
technique isalso of interest in making it possible to follow the 
progression of right ventricular wall motion abnormalities. 
Finally, reliable simultaneous analysis of the left ventricle is of 
importance regarding the complex entity of the disease be- 
cause in our series 20% of patients had left ventricular 
abnormalities, in concordance with previously published ata 
(17,18). 
Invasive assessment of right ventrieular abnormalities. 
Although the final diagnosis of arrhythmogenic right ventric- 
ular cardiomyopathy is histologic, with replacement of right 
ventricular myocardial tissue by adipose or fibrous tissue, or 
both, endomyocardial biopsy has obvious limitations: It is 
invasive and not without complications and cannot be repeated 
during follow-up; sampling errors can result in false negative 
results and underestimate the regional distribution of myocar- 
dial involvement (19). For these reasons, the clinical diagnosis 
of arrhythmogenic right ventricular cardiomyopathy is usually 
based on a demonstration f morphologic right ventricular 
abnormalities in cases of recurrent right ventrieular rhythmia 
and in the absence of any other structural heart or pulmonary 
disease. X-ray angiography presently represents he standard 
for detection (4-6). However, the particular shape of the right 
ventricle and the presence of trabeculations preclude obtaining 
a reliable quantification of variables uch as right ventrieular 
ejection fraction and volume and cause difficulties in the 
interpretation f edge motion, with hampered reproducibility 
(6). The occurrence of ventricular premature beats caused by 
direct dye injection also alters the analysis of images, Eight 
patients eligible for the present study were not included 
because of the poor quality of their X-ray angiograms as a 
result of frequent premature beats or inadequate opacification 
of the ventricle. Because the technique isinvasive, it cannot be 
widely proposed as a routine screening approach or be re- 
peated for the individual follow-up of patients. Finally, analysis 
of left ventricular function, which is of importance for exact 
diagnosis as well as in follow-up, is not always possible during 
the levophase of right ventricular angiography. 
Radionuclide angiography in arrhythmogenie right ventric- 
ular eardiomyopathy. In the present study, radionuclide an- 
giography seemed to be highly efficient for this specific indica- 
tion. The three patients with false negative results had very 
limited right ventricular wall motion abnormalities, located on 
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the inferior wall close to the apex and initially diagnosed by 
only one of the two X-ray angiography observers in two of the 
three patients with false negative results. The inferoapical wall 
seems to be the most ditficult wall to analyze by means of 
radionuclide angiography and is also underestimated when 
magnetic resonance imaging is used (20). Moreover, analysis of 
this wall by X-ray angiography was the least reproducible inthe 
present series, as in previous studies (6). The ventricular 
tachycardia of one patient with positive radionuclide and 
negative X-ray angiographic results originated at the border of 
free wall scintigraphic abnormalities, as mapped by invasive 
cartography and by Fourier analysis during the inducible 
ventricular tachycardia (Fig. 5); this finding could suggest a 
false negative X-ray angiographic result. Despite these five 
discrepancies, overall diagnostic oncordance was high in the 
present series. 
Several investigators (7,10,21) have suggested the use of 
exercise radionuclide angiography in arrhythmogenic right 
ventricular cardiomyopathy. Manyari et al. (7) have shown 
good accuracy for rest and exercise radionuclide angiography 
in the diagnosis of arrhythmogenic r ght ventricular cardio- 
myopathy. Their study obtained high positive and negative 
predictive values (93% and 97%, respectively) for the detec- 
tion of rest right ventricular wall motion abnormalities. How- 
ever, none of those studies used Fourier analysis of radio- 
nuclide angiography, the contribution of which was very 
important in the present study. 
Fourier analysis of radionuclide angiography has demon- 
strated (22-26) its efficiency in detecting left ventricular dys- 
kinesia or in rhythmologic ndications. It cannot replace the 
subjective valuation of cinematically displayed ata by an 
experienced observer but can provide additional information 
reflecting changes in regional volumes and contraction asyn- 
chrony. This information is of particular interest for the right 
ventricle because the precise analysis of edge motion is often 
difficult to achieve with all methods. 
Methodologic considerations. In cases of arrhythmic ndi- 
cations, the acquisition of radionuclide angiography requires 
particular care, involving gating with exclusion of premature 
and postpremature b ats and the acquisition of at least three 
projections: the "best septar' left anterior oblique view; the 
right anterior oblique or anterior view to explore the inferior 
region, especially the subtricuspid wall; and the left profile for 
the left ventricular inferior wall as well as the right ventricular 
outflow tract. Fourier analysis, especially multiharmonic anal- 
ysis, requires a good statistic count of at least 3 to 400,000 
counts/image, soacquisition takes longer than usual. Prudent 
use must be made of temporal filters so as not to lose temporal 
information and the determination f right ventricular region 
of interest as drawn by a trained observer (11). Multiharmonic 
analysis permits better differentiation between ormal and 
abnormal regions with more asymmetric histograms (24) and 
facilitates interpretation. This differentiation is not sufficiently 
evidenced by the quantification f end-systolic time used here 
because the mean values are not a true reflection of the precise 
limits of the normal range for that variable, particularly in the 
case of asymmetric distribution of pixel phases or in left 
ventricular aneurysm. Itti et al. (27) have proposed the use of 
standard eviation alone to characterize the cohort, but this 
variable can be altered by relatively few pixels located at the 
border of the region of interest. Other quantification variables 
are under evaluation. Because of methodologic oncerns 
(equilibrium acquisitions and large right ventricular regions of 
interest on the outflow tract), right ventricular ejection frac- 
tions were not taken into account. However, right ventricular 
ejection fraction is not a powerful index in this indication 
because of a high degree of overlap between control subjects 
and patients in the presence of localized right ventricular 
abnormalities and because global right ventricular systolic 
alterations are not specific for arrhythmogenic cardiomyopa- 
thy. Finally, the analysis of such radionuclide studies must be 
performed by trained observers and requires thorough knowl- 
edge of this cardiomyopathy. 
Other noninvasive methods. Other noninvasive alternative 
imaging methods have been assessed to limit or supplement 
the use of X-ray angiography, such as echocardiography (28- 
30), ultrafast computed tomography (31) or magnetic reso- 
nance imaging (20). Each technique has its own specific 
advantages and limits. Echocardiography is inexpensive and 
widely available but is of little value in the detection of 
localized right ventricular wall motion abnormalities. In a 
series of 32 patients with suspected arrhythmogenic right 
ventricular cardiomyopathy evaluated by Iliceto et al. (29), 15 
had X-ray angiographic right ventricular abnormalities, and 8 
had echographic right ventricular abnormalities; 6 of these 8 
patients had the X-ray angiographic criteria of arrhythmogenic 
right ventricular cardiomyopathy (75%), and 9 of the 24 
patients with normal echographic studies had a positive right 
ventricular angiographic study (29). Magnetic resonance imag- 
ing may differentiate fatty replacement but is less reliable in 
the detection of fibrosis; neither cine magnetic resonance 
imaging, nor ultrafast computed tomography is routinely avail- 
able. 
Limitations of the study. The major limitation of this study 
is the lack of a "true" reference standard for the diagnosis of 
arrhythmogenic right ventricular dysplasia. Visual analysis of 
right ventricular X-ray angiography as only fair reproducibil- 
ity and can probably overdiagnose or underdiagnose in bor- 
derline cases. Limitations and complications of endomyocar- 
dial biopsy hamper its clinical use, at least in our institution. 
However, the absence of histopathologic criteria results in 
difficulties in tlefinitively assessing the diagnosis in cases of 
mismatched results between radionuclide and X-ray angio- 
graphic results. Yet, such mismatched cases represent <7% in 
our series. 
Another limitation is that this study addressed a selected 
cohort with documented right ventricular tachycardia and high 
quality imaging results. Moreover, the need for nuclear cardi- 
ologists with wide experience in the field of arrhythmias well 
as in nuclear techniques to make the radionuclide technique 
comparable to X-ray angiography should be emphasized. 
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Conclusions. In a selected cohort investigated for ventric- 
ular arrhythmias and suspected arrhythmogenic right ventric- 
ular cardiomyopathy, radionuclide angiography is a highly 
reliable diagnostic tool and thereby limits the use of radiologic 
angiography. The reproducibility of both techniques, as esti- 
mated by experienced observers in the field, appears to favor 
radionuclide angiography. The accuracy of Fourier phase 
analysis clearly compensates for the technique's relatively low 
spatial resolution. This accuracy prompts the use of this 
noninvasive approach in patients with a strong clinical suspi- 
cion of arrhythmogenic right ventricular cardiomyopathy. 
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